BISTABLE ELECTRO-OPTIC DISPLAY, AND METHOD FOR ADDRESSING SAME 

DESCRIPTION 



Reference to related applications 

[Para 1] This application is a continuation of copending Application Serial 
No. 09/931 ,41 8, filed August 1 6, 2001 , which itself claims priority from 
Provisional Application Serial No. 60/226,064, filed August 1 7, 2000; the 
entire disclosure of both the aforementioned applications is herein 
incorporated by reference. 

Field of the Invention 

[Para 2] This invention relates to a a bistable electro-optic material display 
and to a method for addressing such a display. The term "electro-optic 
material" is used herein in its conventional meaning in the art to refer to a 
material having first and second display states differing in at least one optical 
property, the material being capable of being changed from its first to its 
second display state by application of an electric field to the material. The 
terms "bistable" and "bistability" are used herein in their conventional 
meanings in the art to refer to displays comprising display elements having 
first and second display states differing in at least one optical property, and 
such that after any given element has been driven, by means of an addressing 
pulse of finite duration, to assume either its first or second display state, after 
the addressing pulse has terminated, that state will persist for at least several 
times the minimum duration of the addressing pulse required to change the 
state of the display element. These terms are also to be construed to include 
materials having more than two display states which are stable in this manner. 

Background of the Invention 
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[Para 3] Electrophoretic and other electro-optic displays have been the 
subject of intense research and development for a number of years. Such 
displays can have attributes of good brightness and contrast, wide viewing 
angles, state bistability, and low power consumption when compared with 
liquid crystal displays. Nevertheless, problems with the long-term image 
quality of electrophoretic displays have prevented their widespread usage. For 
example, particles that make up electrophoretic displays tend to cluster and 
settle, resulting in inadequate service-life for these displays. 

[Para 4] An encapsulated, electrophoretic display typically does not suffer 
from the clustering and settling failure mode of traditional electrophoretic 
devices and provides further advantages, such as the ability to print or coat the 
display on a wide variety of flexible and rigid substrates. (Use of the word 
"printing" is intended to include all forms of printing and coating, including, 
but without limitation: pre-metered coatings such as patch die coating, slot or 
extrusion coating, slide or cascade coating, curtain coating; roll coating such 
as knife over roll coating, forward and reverse roll coating; gravure coating; 
dip coating; spray coating; meniscus coating; spin coating; brush coating; air 
knife coating; silk screen printing processes; electrostatic printing processes; 
thermal printing processes; ink jet printing processes; and other similar 
techniques.) Thus, the resulting display can be flexible. Further, because the 
display medium can be printed (using a variety of methods), the display itself 
can be made inexpensively. 

[Para 5] One problem in addressing electrophoretic and similar electro-optic 
display materials is that typically such materials do not exhibit any significant 
threshold, i.e., even a small electric field will cause the material to change its 
display state if the small field is sustained for a considerable period of time. 
Consequently, it is usually not possible to address such materials using a 
passive matrix addressing scheme such as is often used with liquid crystal 
displays. Accordingly, such display materials are addressed using (a) a "direct- 
drive" addressing scheme, in which each pixel is provided with a separate 
electrode which can be addressed via its own drive line; (b) an active matrix 
addressing scheme in which each pixel is provided with an associated non- 
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linear element (such as a transistor); or (c) a moving head addressing scheme, 
in which a head containing a number of individually controllable discrete 
electrodes is moved across the display, so that each electrode writes one line 
of the display. 

[Para 6] All three of these addressing schemes have disadvantages. A 
direct-drive addressing scheme is practicable for a textual display (see, for 
example, International Application PCT/US99/1 6652, Publication No. WO 
00/05704, which describes such a display using 63 electrodes for each text 
character) but impracticable for a graphic display, since providing the large 
number of drive lines required for a graphic display would necessitate 
excessively complex and expensive circuitry. Active matrix addressing 
schemes require complex and relatively expensive circuitry, the cost of which 
typically far exceeds the cost of the electro-optic medium itself. Furthermore, 
since the cost of producing active matrix addressing circuitry is typically 
directly proportional to the area of the display, this type of addressing scheme 
is impracticable for very large displays, for example signs intended as 
electronic billboards in sports stadia or as message boards in large exhibition 
halls. Moving head addressing schemes tend to be inexpensive but, since the 
head needs to be in intimate contact with the electro-optic medium to produce 
the large electric fields needed to change the display state of most electro- 
optic materials, the friction between the moving head and the electro-optic 
material causes wear on the material and limits the life of the display. 
Furthermore, a moving head is highly sensitive to any slight unevenness in the 
display material, and in very large signs it is difficult to avoid such unevenness 
in the display material, especially if the large sign is to be used outdoors, 
where wind gusts might slightly distort the medium. 

[Para 7] The present invention seeks to provide an electro-optic display, and 
a method for addressing such a display, which are comparable in cost and 
complexity to a moving head addressing scheme, but which reduce or 
eliminate frictional wear on the electro-optic material and which are less 
susceptible to unevenness of the electro-optic material. 



Page 3 of 21 



Summary of the Invention 

[Para 8] Accordingly, this invention provides an electro-optic display 
comprising: 

[Para 9] a bistable electro-optic material having on one side thereof a 
viewing surface on which the display can be viewed, and on the opposed side 
thereof a writing surface; 

[Para 1 0] a deformable member disposed adjacent but spaced from the 
writing surface of the electro-optic material, the deformable member bearing a 
plurality of elongate electrodes formed on its surface facing the writing surface 
of the electro-optic material; and 

[Para 11] a movable member disposed on the opposed side of the deformable 
member from the electro-optic material and movable relative to the 
deformable member in a direction substantially parallel to the length of the 
elongate electrodes, the movable member contacting and deforming the 
deformable member such that a portion of each elongate electrode contacts or 
lies closely adjacent the writing surface of the electro-optic material. 

[Para 1 2] This invention also provides a method for addressing an electro- 
optic display of the invention as defined above. In this addressing method, the 
movable member is placed in a first position relative to the deformable 
member and a first set of potentials are placed on the elongate electrodes, 
thereby writing a first column of pixels of the display, each of this column of 
pixels being defined by the portion of one elongate electrode which contacts 
or lies closely adjacent the writing surface of the electro-optic material when 
the movable member is in its first position. The movable member is then 
moved to a second position relative to the deformable member, this second 
position being spaced from the first position, and a second set of potentials 
are placed on the elongate electrodes, at least one of the second set of 
potentials differing from the first set of potentials, thereby writing a second 
column of pixels of the display, each of this column of pixels being defined by 
the portion of one elongate electrode which contacts or lies closely adjacent 
the writing surface of the electro-optic material when the movable member is 
in its second position. 
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Brief Description of the Drawings 

[Para 1 3] Preferred embodiments of the invention, will now be described in 
more detail, though by way of illustration only, with reference to the 
accompanying drawings, in which: 

[Para 14] Figure 1 is a cross section through a preferred display of the present 
invention, this section being taken in a vertical plane perpendicular to the 
viewing surface of the display; and 

[Para 1 5] Figure 2 is a top plan view of the display shown in Figure 1 with the 
electro-optic material, front electrode and window removed to show details of 
the deformable member. 

Detailed Description of the Invention 

[Para 1 6] In the display of the present invention, wear on the electro-optic 
material is substantially reduced, as compared with a similar moving head 
display, because the deformable member does not slide across the electro- 
optic material; instead, as the movable member moves relative to the 
deformable member, each section of the latter is in turn moved directly toward 
and then away from the electro-optic material. In effect, the movable member 
creates a "transverse wave" which travels along the deformable member and, 
as any physicist knows, in such a wave particles moved by the wave (in this 
case, the sections of the deformable member) do not move in the direction of 
travel of the wave but only perpendicular thereto. Also, because the 
deformable member can be made with considerable elasticity (the deformable 
member may have the form of a thin sheet of a flexible material, for example a 
"blanket" made from a rubber or a flexible polymer), the deformable member 
can conform to any slight unevenness of the electro-optic material, thus 
rendering the display less sensitive to such unevenness. The movable member 
can also be made compliant to assist in the deformable member conforming to 
any unevenness in the surface of the electro-optic material. To this end, the 
portion of the movable member which contacts the deformable member may 
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itself be deformable; for example, a rotatable movable member (as to which, 
see further below) may comprise a substantially rigid core and a deformable 
sleeve (formed for instance from a semi-rigid foam polymer) surrounding the 
core and contacting the deformable member. 

[Para 1 7] The electro-optic material used in the present display may be any 
such material which is bistable for a period at least equal to the time needed to 
write the entire display. Thus, the electro-optic material may be an 
electrophoretic material comprising electrically charged particles suspended in 
a fluid and capable of moving therethrough when an electric field is applied to 
the material. For reasons already mentioned, it is preferred that such an 
electrophoretic material be of the encapsulated type in which the charged 
particles and the fluid are contained with a plurality of capsules (sometimes 
called "microcapsules"). The capsules may be dispersed in a binder and may 
be of any size or shape. The capsules may be spherical or non-spherical and 
their diameters may range from a few microns to a few millimeters, but are 
preferably in the range of from about 1 0 to a few hundred microns. The 
capsules may contain two or more different types of charged particles, and 
these particles may be colored, luminescent, the light-absorbing or 
transparent, and may include neat pigments, dyed (laked) pigments or 
pigment/polymer composites. 

[Para 1 8] Typically, an encapsulated electrophoretic display includes one or 
more species of particles that either absorb or scatter light. For example, such 
a display may comprise a plurality of capsules each of which contains one or 
more species of charged particles in a dyed suspending fluid. Alternatively, 
the display might comprise a plurality of capsules each of which contains, in a 
substantially uncolored suspending fluid, at least two species of charged 
particles differing in at least one optical characteristic and having differing 
electrophoretic mobilities; typically, one species of particle absorbs light (and 
is thus black or dark), while the other species of particle scatters light (and is 
thus white or light). Other variations are possible; the display may contain 
more than two species of particles, the suspending fluid may be clear or dyed, 
etc. 
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[Para 19] Although reference has been made in the foregoing description to 
capsules and a binder in a manner which suggests that an encapsulated 
electrophoretic medium necessarily comprises a plurality of discrete capsules, 
the electro-optic material used in the present display may also have the form 
of a "polymer-dispersed electrophoretic display", hereafter abbreviated "PDED". 
Essentially, a PDED is a two-phase system in which the electrophoretic material 
comprises a continuous phase and a discontinuous phase. The discontinuous 
phase comprises a plurality of droplets of an electrophoretic fluid (as usual, 
comprising a liquid and at least one particle disposed within the liquid and 
capable of moving therethrough on application of an electric field to the 
liquid), and the continuous phase (which is typically a polymeric material, 
although other materials may be useful) surrounds and encapsulates the 
discontinuous phases. The discrete droplets of electrophoretic fluid within a 
PDED may be referred to as capsules or microcapsules even though no discrete 
capsule membrane is associated with each individual droplet. Accordingly, 
references to "capsules" herein are to be construed as extending to PDED's, 
which are considered to be subsets of encapsulated electrophoretic displays. 

[Para 20] Electrophoretic displays of the present invention can make use of 
any known materials and processes for the production of such displays, as 
described, for example, in U.S. Patents Nos. 5,930,026; 5,961 ,804; 6,01 7,584; 
6,067,1 85; 6,1 1 8,426; 6,1 20,588; 6,1 20,839; 6,1 24,851 ; 6,1 30,773; 
6,1 30,774; 6,1 72,798; 6,1 77,921 ; 6,232,950; 6,249,721 ; and 6,252,564, and 
International Applications Publication Nos. WO 97/04398; WO 98/03896; WO 
98/1 9208; WO 98/41 898; WO 98/41 899; WO 99/1 0769; WO 99/1 0768; WO 
99/1 0767; WO 99/53373; WO 99/561 71 ; WO 99/591 01 ; WO 99/47970; WO 
00/03349; WO 00/03291 ; WO 99/67678; WO 00/05704; WO 99/53371 ; WO 
00/20921 ; WO 00/20922; WO 00/20923; WO 00/26761 ; WO 00/36465; WO 
00/38000; WO 00/38001 ; WO 00/36560; WO 00/20922; WO 00/36666; WO 
00/59625; WO 00/671 1 0; WO 00/67327; WO 01 /02899; WO 01 /07961 ; WO 
01 /08241 ; WO 01 /08242; WO 01 /^ 7029; WO 01 /l 7040; and WO 01 n 7041 ; 
the entire disclosures of all these patents and applications are herein 
incorporated by reference. 
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[Para 21] The electro-optic material used in the present display can also be of 
the rotating bichromal member type, as described, for example in U.S. Patents 
Nos. 5,808,783 (Crowley), 5,777,782 (Sheridon) and 5,760,761 (Sheridon). 
Although this type of medium is typically referred to as a "rotating bichromal 
ball" medium, the term "rotating bichromal member" is believed more 
accurate, since the rotating members are not always spheres; for example, U.S. 
Patents Nos. 5,894,367; 5,922,268; 6,055,091; and 6,097,531 describe 
electro-optic materials of this type in which the rotating members are 
cylindrical, while U.S. Patent No. 6,147,791 describes electro-optic materials in 
which the rotating members are polygonal prisms. It should also be 
understood that the term "bichromal" is used in a broad sense to mean "having 
at least two segments differing in an optical characteristic"; for example, U.S. 
Patents Nos. 5,751 ,268; 5,891 ,479; 5,892,497; and 5,91 9,409 describe 
electro-optic materials of this type using rotating balls having more than two 
contrasting segments, and some of these segments may be transparent. 

[Para 22] Other types of bistable electro-optic materials may also be used on 
the apparatus and method of the present invention. 

[Para 23] The deformable member used in the present display may be formed 
from any flexible material having sufficient toughness to withstand repeated 
passages of the movable member thereacross. Typically, the deformable 
member well comprise a thin sheet or film of a natural or synthetic rubber or a 
polymer. The elongate electrodes on the deformable member are conveniently 
formed by printing (as previously defined) a conductive ink on to the 
deformable member; since electrophoretic displays draw very little current, 
such displays can be used with electrodes having relatively high resistances. 

[Para 24] For obvious reasons, it is important that the portion of the 
deformable member which contacts the electro-optic material lie flat against 
the electro-optic material without creasing or distortion, and to avoid such 
creasing or distortion the deformable member should be disposed spaced 
from, but parallel to, the electro-optic material. The manner in which the 
deformable member is maintained parallel to the electro-optic material may 
vary depending upon the orientation of these two members. For example, if 
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the electro-optic material is in the form of a flat, horizontally-disposed sheet, 
a horizontal support surface could be provided parallel to the electro-optic 
material, and the deformable member allowed to rest upon this support 
surface, with the movable member passing over the support surface. If, 
however, the electro-optic material is disposed in a substantially vertical 
plane, it may be convenient to keep the deformable member parallel to the 
electro-optic material by providing tensioning means for holding the 
deformable member under tension such that portions of the deformable 
member not in contact with the movable member will be held spaced from the 
electro-optic material. For example, one pair of opposed edges of the electro- 
optic material could be provided with projecting ridges or flanges extending 
toward the deformable member, with the deformable member being stretched 
under tension across these ridges or flanges, and the movable member 
passing between the ridges or flanges to contact central portions of the 
deformable member with the electro-optic material. Other methods of 
maintaining the deformable member parallel to the electro-optic material will 
be apparent to skilled engineers; for example, the spacing between these two 
members might be maintained by providing a layer of liquid or of pressurized 
gas disposed between the electro-optic material and the deformable member 
such that portions of the deformable member not in contact with the movable 
member will be held spaced from the electro-optic material. 

[Para 25] The movable member used in the display of the present invention 
may simply slide across the deformable member. However, since the friction 
between such a sliding member and the deformable member may lead to 
undesirable distortion of, and wear on, the deformable member, it is desirable 
that such friction be reduced as far as possible, for example by providing a 
smoothly rounded surface on the part of the movable member which contacts 
the deformable member and/or by providing a friction-reducing layer (formed, 
for example, from a solid lubricant) on one or both members. It is generally 
preferred that the movable member be rotatable so that the movable member 
can roll across the deformable member, desirably with minimal friction. Since 
the size of the pixels of the display is controlled by the area of contact of each 
individual electrode on the deformable member with the electro-optic 
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material, and to this area is in turn controlled by the area of contact between 
the movable member and the deformable member, it is desirable that the 
diameter of the movable member be reduced as far as possible, provided that 
this diameter is not reduced so far that the movement of the movable member 
will cause excessive wear on or damage to the deformable member. Because 
of this limitation on pixel size imposed by the area of contact between each 
electrode and the electro-optic material, the present display will typically not 
be used for high resolution displays. However, the present display is well- 
suited for use in inexpensive, low resolution displays, for example in toys or 
low cost message pads or boards intended for domestic use, and is also well- 
suited for use in very large displays, for example billboard-type signs in sports 
arenas, or message boards in convention or exhibition halls, where large 
pixels are not objectionable but where the large area of the sign would render 
either direct drive or active matrix addressing schemes impracticably costly. 

[Para 26] Most electro-optic materials require large electric fields for proper 
operation, and are thus highly sensitive to any variation in the spacing 
between the electrodes which apply the electric field to the electro-optic 
material. Accordingly, in the present display, it is important that the 
deformable member lie flat against the electro-optic material to ensure that a 
consistent electric field is applied to this material. Thus, it is desirable that the 
movable member be provided with biasing means for urging the movable 
member into engagement with the deformable member, and hence urging the 
deformable member to contact the electro-optic material. Also, especially 
when the display is intended for outdoor use, it is desirable to provide sealing 
means for preventing entry of small particles between the electro-optic 
material and the deformable member, since even very small particles may be 
sufficient to affect the proper operation of the display. Such a sealing means 
could comprise a sealing member sealingly engaged with peripheral portions 
of both the electro-optic material and the deformable member so as to form a 
closed chamber between the writing surface of the electro-optic material and 
the electrode-carrying surface of the deformable member. Alternatively, the 
sealing means may comprise a sealed housing enclosing the electro-optic 
material, the deformable member and the movable member. Such a sealed 
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housing will of course also prevent entry of dust and other small particles 
between the deformable member and the movable member; this may be 
desirable, but is of less concern than entry of particles between the electro- 
optic material and the deformable member since the flexibility of the 
deformable member, and optionally that of the movable member will usually 
accommodate small particles therebetween without adverse effects on the 
performance of the display. 

[Para 27] When a display of the present invention is rewritten to change one 
image into another, the new image will appear progressively as the movable 
member traverses along the electro-optic material, thus producing a visually- 
interesting "wipe". To save time when a series of images are to be displayed, 
conveniently the movable member is moved in one direction to change a first 
image to a second, and in the opposed direction to change the second image 
to a third. It is well within the level of skilled in the electronics art to arrange 
for the reversal of the order of data signals to the elongate electrodes required 
to cope with such bidirectional rewriting of a display. Also, although it might 
at first appear that the movable member should be moved in a step wise 
manner to ensure proper writing of each pixel of the display, in practice the 
movable member can be moved continuously without any serious loss of 
image quality. 

[Para 28] The display (generally designated 1 00) shown in Figures 1 and 2 of 
the accompanying drawings comprises a cuboidal housing, which itself 
comprises a transparent window 1 02 (through which an observer views the 
display), sidewalls 1 04 and a rear wall 1 06. On the inner surface of the 
window 1 02 is provided a transparent electrode 1 08, which may be formed 
from, for example, indium-tin oxide, and which extends across the whole area 
of the display 100. This electrode 108 is maintained at ground potential by 
means of a connection (not shown) to a control unit 1 1 0 mounted on the rear 
wall 106 of the housing. 

[Para 29] On the inner surface of the electrode 1 08 is coated a layer (generally 
designated 1 1 2) of electro-optic material. Thus, the surface (the upper 
surface as illustrated in Figure 1) of the electro-optic material 1 1 2 adjacent the 
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electrode 1 08 is visible to an observer viewing the display through the 
transparent window 1 02 and the transparent electrode 1 08 and thus forms a 
"viewable surface" of the electro-optic material 1 1 2. This electro-optic 
material is an encapsulated electrophoretic medium of the type described in, 
for example, U.S. Patent No. 6,067,1 85, and comprises a plurality of 
microcapsules 1 1 4, each of which comprises a capsule wall 1 1 6, which 
encloses an internal phase comprising a single type of charged particle 1 1 8 
(assumed for present purposes to be negatively-charged, though obviously a 
positively-charged particle could equally well be used) dispersed in a colored 
liquid 1 20. In one form of this electrophoretic display, the charged particles 
1 1 8 comprise titania particles, negatively charged and having a diameter of 
about 250 nm, while the liquid 1 20 comprises a hydrocarbon having dissolved 
therein a blue dye. For ease of illustration and comprehension, the size of the 
microcapsules 1 1 4 is greatly exaggerated in Figure 1 . Also, although for ease 
of illustration, the microcapsules 1 14 are shown as spherical in Figure 1 , in 
fact, for reasons explained in the aforementioned U.S. Patent No. 6,067,1 85, it 
is preferred that the microcapsules have a flattened, non-spherical form. 

[Para 30] The display 1 00 further comprises a deformable member 1 22, 
which comprises a thin sheet of flexible material and which carries on its 
upper surface (the surface facing the electro-optic layer 1 1 2) a plurality of 
parallel elongate electrodes 124 (best seen in Figure 2). Each of the electrodes 
1 24 is connected via an associated conductor 1 26 (only one of these 
conductors is shown in Figure 1), which extends through the deformable 
member 1 22 and the rear wall 1 06, to the control unit 1 1 0. 

[Para 31] The major portion of the deformable member 122 rests upon the 
upper surface of the rear wall 106; thus, this upper surface serves as a support 
surface for the deformable member 1 22. However, a cylindrical and rotatable 
movable member 1 28 is positioned between the deformable member 1 22 and 
the upper surface of the rear wall 1 06; the movable member 1 28 is disposed 
so that the small portions of the electrodes 1 24 on the deformable member 
1 22 lying directly on top of the movable member 1 28 contact the electro-optic 
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layer 1 1 2. Thus, these small portions of the electrodes define one column of 
pixels of the display 100. 

[Para 32] The movable member 1 28 is provided with drive means (not shown) 
which translate it in either direction parallel to the length of the electrodes 
1 24, i.e., left-right in Figure 1 . Conveniently, the movable member can be 
provided at each end with a threaded aperture engaged with a threaded drive 
rod, which is rotated by an electric motor under the control of the control unit 
110. As will be apparent from Figure 1 , the movement of the movable 
member 128 causes different portions of the electrodes 124 on the 
deformable member 1 22 to contact the lower surface (as illustrated in Figure 
1) of the electro-optic layer 1 12, thus enabling different portions of this layer 
to be rewritten. Thus, the lower surface of the electro-optic layer 1 12 serves 
as a writing surface. 

[Para 33] The control unit 1 1 0 is arranged to receive digital graphic image 
files in any convenient file format via an input line 1 30 and to generate signals 
of +V, 0 or -V on each of the electrodes 1 24. Since the particles 1 1 8 within 
the microcapsules 1 1 4 are negatively charged, if a signal of -V is applied to an 
electrode 1 24, the particles 1 1 8 in the microcapsules 1 1 4 adjacent the portion 
of that electrode 1 24 in contact with the electro-optic layer 1 1 2 will be 
repelled from the electrode 1 24 and will gather adjacent the electrode 1 08. 
Thus, an observer viewing the display through the window 1 02 will see the 
color of the particles 1 1 8, and the pixel will appear white. If, on the other 
hand, a signal of +V is applied to the electrode 1 24, the particles 1 1 8 in the 
microcapsules 1 14 adjacent the portion of that electrode 124 in contact with 
the electro-optic layer 1 1 2 will be attracted to, and gather adjacent, that 
electrode 1 24. Thus, an observer viewing the display through the window 1 02 
will see the color of the colored liquid 1 20, typically blue. If a signal of 0 is 
applied to an electrode 1 24, the particles 1 1 8 adjacent the portion of that 
electrode 1 24 in contact with the electro-optic layer 1 1 2 will experience no 
electric field, and thus the pixel will remain in the same state as it was 
previously. 
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[Para 34] Numerous changes and modifications can be made in the preferred 
embodiments of the present invention already described without departing 
from the spirit and skill of the invention. For example, the single particle/dyed 
suspending fluid electrophoretic medium shown in the drawings could be 
replaced by the two particle/undyed suspending fluid electrophoretic medium 
already described. Accordingly, the foregoing description is to be construed in 
an illustrative and not in a limitative sense. 

[Para 35] From the foregoing description, it will be seen that the present 
invention provides an electro-optic display in which wear on the electro-optic 
material is substantially reduced, as compared with a similar conventional 
moving head display. The display of the present invention can also be made 
less susceptible to slight unevenness in the electro-optic material than 
conventional moving head displays. 
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